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(57) ABSTRACT

The present invention discloses a transflective liquid crystal
display panel and a liquid crystal display device comprising
the same. Each pixel unit of the transflective liquid crystal
display panel comprises a transmission region and a reflec-
tion region. The transflective liquid crystal display panel fur-
ther comprises a conductive polarizing film layer having a
first polarizing direction in the reflection region and a second
polarizing direction in the transmission region.

10 Claims, 1 Drawing Sheet

|

|

|

AN
————————— - 321

313 R AR AR




U.S. Patent May 31, 2016 US 9,354,469 B2
1
|
R i T
2
| / S
I
|
@g?g?g?}g?ioooo O O \
¢ ¢ ¢y 0000 00|~
Qe e loooo oo
|
} /4
|
|
Prior Art
Fig. 1
11 12
| 1a
311 R ' T
|
| ¢
312 X/ S ST /ir/ e/ e )
\::'——L ————————— llil— ———————————— -

|
|
|
AN
- 321




US 9,354,469 B2

1

TRANSFLECTIVE LIQUID CRYSTAL
DISPLAY PANEL AND DISPLAY DEVICE

This is a National Phase Application filed under 35 U.S.C.
371 as anational stage of PCT/CN2014/076435, filed Apr. 29,
2014, and claims priority benefit from Chinese Application
No.201320503328.6, filed Aug. 16,2013, the content of each
of which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to the field of liquid crystal
display, and particularly relates to a transflective liquid crystal
display panel and a display device.

BACKGROUND OF THE INVENTION

A typical transmissive display may have a reduced contrast
of an image due to ambient light in outdoor environment or
under bright light. By comparison, a reflective display, which
relies on an external light source to achieve the display effect,
exhibits better display eftect and contrast in outdoor or under
bright light, and can reduce a considerable amount of power
consumed during use of backlight, thus the reflective display
is very suitable for use in portable electronic products. How-
ever, when the brightness of the ambient light source is insuf-
ficient, the contrast and the brightness of the reflective display
will be greatly influenced. Therefore, a transflective display,
if manufactured by using a transmissive technique in combi-
nation with an auxiliary backlight source, can simultaneously
have advantages of both the transmissive display and the
reflective display.

For the transflective liquid crystal display, a transmission
region and a reflection region having a reflecting layer are
provided in one pixel region at the same time. In relatively
dark places, an image may be displayed by using the back-
light source and the transmission region in the pixel region; in
relatively bright places, an image may be displayed by using
the ambient light (not the backlight source) and the reflection
region in the pixel region. Liquid crystal matrices are gener-
ally categorized into active liquid crystal matrices and passive
liquid crystal matrices. Changing voltage by a passive ele-
ment to control orientation of liquid crystal molecules is
called as passive drive, and a passive liquid crystal matrix is
utilized. Changing voltage by an active element is called as
active drive. A passive element commonly used for driving
liquid crystal is for example a capacitor, and an active element
is for example a transistor. Thus, the transflective liquid crys-
tal display is suitable not only for the passive drive, but also
for an active drive technique using an amorphous silicon
(a-Si) Thin Film Transistor (hereinafter referred to as TFT), a
Low Temperature Polysilicon (LTPS) TFT, or the like. Since
the transflective liquid crystal display does not need to use a
backlight source for a long time, it has an advantage of reduc-
ing the power consumption.

At present, an Advanced super Dimension Switch (herein-
after referred to as ADS) type liquid crystal display, due to the
advantages of wide view angle, high transmissivity, low color
difference and the like, has been widely applied. For an ADS
type liquid crystal display, a multidimensional electric field is
formed by electric fields generated on the edges of slit elec-
trodes in a same plane and electric fields generated between a
slit electrode layer and a plate electrode layer, so that the
liquid crystal molecules in all orientations between and right
above the slit electrodes in a liquid crystal cell can be rotated,
thereby improving the working efficiency of the liquid crys-
tals and increasing the light transmittance.
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A TFT array substrate in the ADS type liquid crystal dis-
play panel generally includes a substrate and a plurality of
pixel units arranged in an array on the substrate. Each pixel
unit includes a TFT electrically connected to a gate line and a
data line on the substrate, respectively, and a pixel electrode
electrically connected to a source of the TFT through a via
hole. Specifically, the pixel electrode is a slit electrode having
a certain angle of inclination. The TFT array substrate further
includes a common electrode which forms an electric field
with the pixel electrode, and degree of rotation of the liquid
crystal molecules is controlled by changing intensity of the
electric field formed between the pixel electrode and the
common electrode. The ADS type liquid crystal display has
the advantages of high contrast, wide view angle, high defi-
nition, etc. Thus, it is very important to develop a transflective
ADS type liquid crystal display.

FIG. 1 shows a transflective ADS type liquid crystal dis-
play of the prior art. As shown in FIG. 1, a liquid crystal
display panel of the display includes an upper polarizing layer
1, an upper substrate 2, a lower substrate 4, a lower polarizing
layer 5, and a liquid crystal layer 3 provided between the
upper substrate 2 and the lower substrate 4. Each pixel unit of
the liquid crystal display panel may be divided into a trans-
mission region T and a reflection region R. When preparing
the liquid crystal display panel by using an existing tech-
nique, due to different display modes of the transmission
region T and the reflection region R (that is, the transmission
region T is in a normally black display mode while the reflec-
tion region R is in a normally white display mode), a tech-
nique such as an in-cell retarder, a multi-domain structure or
the like is required to be employed for the ADS type liquid
crystal display, resulting in complex process and large diffi-
culty. Moreover, due to reasons such as rubbing and touching
of the upper substrate or the like, the static electricity gener-
ated on the upper substrate may cause a defective electric field
inside the transflective ADS type liquid crystal display, result-
ing in defective liquid crystal orientation.

In order to solve the above problems, the present invention
makes some beneficial improvements.

SUMMARY OF THE INVENTION

1. Technical Problems to be Solved

An objective of the present invention is to provide a trans-
flective liquid crystal display panel and a display device. The
transflective liquid crystal display panel can prevent internal
defects caused by static electricity generated outside the lig-
uid crystal display panel, and processing technique for the
transflective liquid crystal display panel is simple and fast.

2. Technical Solutions

The present invention is implemented by the following
technical solutions.

A transflective liquid crystal display panel is provided,
each of pixel units of the transflective liquid crystal display
panel includes a transmission region and a reflection region,
and the transflective liquid crystal display panel further
includes a conductive polarizing film layer, the conductive
polarizing film layer has a first polarizing direction in the
reflection region and a second polarizing direction in the
transmission region.

A liquid crystal layer provided in the transmission region is
atransmission region liquid crystal layer, and a liquid crystal
layer provided in the reflection region is a reflection region
liquid crystal layer, wherein a thickness of the reflection
region liquid crystal layer is a half of that of the transmission
region liquid crystal layer.
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According to a preferable embodiment, the first polarizing
direction of the conductive polarizing film layer in the reflec-
tion region is 45°, and the second polarizing direction of the
conductive polarizing film layer in the transmission region is
90°.

The conductive polarizing film layer may be provided on a
surface of a display side substrate of the transflective liquid
crystal display panel, the surface of the display side substrate
being back against a non-display side substrate of the trans-
flective liquid crystal display panel.

The transflective liquid crystal display panel is an
Advanced Super Dimension Switch (ADS) type liquid crystal
display panel.

The present invention further provides a liquid crystal dis-
play device, including the transflective liquid crystal display
panel according to the present invention.

3. Beneficial Effects

Compared with the prior art and the existing products, the
present invention has the following advantages.

1. In the present invention, by forming the conductive
polarizing film layer on the upper surface of an upper sub-
strate, defective orientation of the liquid crystal molecules
inside the liquid crystal display panel caused by static elec-
tricity generated outside the liquid crystal display panel can
be prevented.

2. As the conductive polarizing film layer provided by the
present invention is formed on the outer side of the upper
substrate, the in-cell retarder for the ADS type transflective
liquid crystal display panel is avoided, resulting in simple and
fast processing technique. In addition, since the conductive
polarizing film layer may employ a single-layer thin film
structure, the processing technique of an upper polarizer (or
upper polarizing layer) is omitted, thereby improving the
processing efficiency and lowering the processing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a transflective ADS type
liquid crystal display panel according to the prior art; and

FIG. 2 is a schematic diagram of the transflective ADS type
liquid crystal display panel according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Specific embodiments of the present invention will be fur-
ther described in detail as below with reference to the accom-
panying drawings.

As shown in FIG. 2, the embodiment provides an ADS type
transflective liquid crystal display panel, including a conduc-
tive polarizing film layer la, which is provided on an upper
surface of an upper substrate 2 as an upper polarizing film
layer of the liquid crystal display panel. The liquid crystal
display panel further includes a lower substrate 4, and uni-
formly orientated liquid crystal layers 3 provided between the
upper substrate 2 and the lower substrate 4. A lower polariz-
ing layer 5 is provided on a lower surface of the lower sub-
strate 4. A color filter (not shown) may be formed on the upper
substrate 2, and a thin film transistor (not shown) may be
formed below the lower substrate 4. Each pixel unit of the
transflective liquid crystal display panel may include a trans-
mission region T and a reflection region R. The liquid crystal
layer 3 provided in the transmission region T is a transmission
region liquid crystal layer 321, and the liquid crystal layer 3
provided in the reflection region R is a reflection region liquid
crystal layer 311. A reflecting layer 312 and a resin layer 313
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are sequentially provided between the reflection region liquid
crystal layer 311 and the lower substrate 4.

The conductive polarizing film layer la may be provided on
the upper surface of the upper substrate 2, that is, the conduc-
tive polarizing film layer 1a is provided on a surface of a
display side substrate (upper substrate 2) of the transtlective
liquid crystal display panel back against the non-display side
substrate (lower substrate 4) of the transflective liquid crystal
display panel. The conductive polarizing film layer la has a
first polarizing direction in the reflection region R and a
second polarizing direction in the transmission region T. The
conductive polarizing film layer la may be coated on the
upper substrate 2 in a printing manner.

According to the embodiment, because the conductive
polarizing film layer 1a is provided on the upper substrate 2,
the static electricity generated on the upper substrate 2 may be
led to the outside of the upper substrate 2 through the con-
ductive polarizing film layer la without causing defective
orientation of the liquid crystal molecules inside the liquid
crystal layers 3. The conductive polarizing film layer pro-
vided by the embodiment may be applied to various liquid
crystal display panels of different display modes, such as
Twisted Nematic (TN) panels, In-Plane Switching (IPS) pan-
els and the like. In particular, for the ADS type transflective
liquid crystal display panel, employing an in-cell retarder
technique in its substrates can be avoided, which makes the
processing technique simple and fast.

According to the embodiment, the liquid crystal layers 3
include the reflection region liquid crystal layer 311 and the
transmission region liquid crystal layer 321. The thickness of
the reflection region liquid crystal layer 312 is a half of that of
the transmission region liquid crystal layer 311. The thick-
ness of the reflection region liquid crystal layer 311 may be
controlled by the thickness of the resin layer 313. According
to an embodiment, the thickness of the reflection region liquid
crystal layer 311 included in the liquid crystal layers 3 may be
about 2.1 pm, and the thickness of the transmission region
liquid crystal layer 321 may be about 4.2 um. It should be
noted that the thicknesses of the reflection region liquid crys-
tal layer 311 and the transmission region liquid crystal layer
321 are not limited, as long as the transflective liquid crystal
display panel in the normally white mode may be imple-
mented.

The conductive polarizing film layer may employ a layered
stacking structure, which is a layered structure including a
combination of a conductive thin film layer and a polarizing
film layer, but such structure results in cumbersome process-
ing technique. Preferably, a conductive polarizing film layer
with a single-layer thin film structure may be employed,
thereby omitting processing of an upper polarizer (or upper
polarizing layer), improving the processing efficiency and
reducing the processing cost. The conductive polarizing layer
may be processed by using a conductive transparent material,
and reference can be made to Patent JP 2009-230130, which
is incorporated herein by reference in its entirety.

Referring to FIG. 2, the conductive polarizing film layer 1a
may include a part 11 provided in the reflection region R and
a part 12 provided in the transmission region T (hereinafter
referred to as a polarizing film layer reflection part 11 and a
polarizing film layer transmission part 12, respectively), The
polarizing film layer reflection part 11 whose polarizing
direction (hereinafter, referred to as first polarizing direction)
corresponds to the polarizing direction of the reflection
region liquid crystal layer 311 is provided above the reflection
region liquid crystal layer 311. The polarizing film layer
transmission part 12 whose polarizing direction (hereinafter,
referred to as second polarizing direction) corresponds to the
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polarizing direction of the transmission region liquid crystal
layer 321 is provided above the transmission region liquid
crystal layer 321. The first polarizing direction of the polar-
izing film layer reflection part 11 corresponding to the reflec-
tion region liquid crystal layer 311 may be different from the
second polarizing direction of the polarizing film layer trans-
mission part 12 corresponding to the transmission region
liquid crystal layer 321.

Preferably, the first polarizing direction of the polarizing
film layer reflection part 11 may be 45° and the second
polarizing direction of the polarizing film layer transmission
part 12 may be 90°, thereby obtaining the ADS type trans-
flective liquid crystal display panel with both the reflection
region R and the transmission region T in the normally white
mode.

It should be noted that, the first polarizing direction and the
second polarizing direction are not limited, as long as the
transflective liquid crystal display panel in the normally white
mode can be implemented.

Further, the upper substrate 2 and the lower substrate 4 of
the ADS type transflective liquid crystal display panel pro-
vided according to the embodiment may be coated with PI
solution, and then rubbed to prepare liquid crystal orientating
layers. The rubbing direction of the upper substrate 2 may be
45°, and the rubbing direction of the lower substrate 4 may be
225°.

The lower polarizing layer 5, the polarizing direction of
which may be 0°, is provided under the lower substrate 4.

The liquid crystal display panel according to the embodi-
ment may be applied to various liquid crystal display devices
and electronic devices including a liquid crystal display
device, for example, liquid crystal displays, OLED displays,
mobile phones, tablet computers, TV sets, notebook comput-
ers, digital photo frames, navigators or any product or com-
ponent with a display function.

The foregoing description merely describes preferable
embodiments of the present invention and is not intended to
form any limitation to the present invention. Any modifica-
tion, equivalent substitution or improvement made within the
spirit and principle of the present invention shall fall into the
protection scope of the present invention.

The invention claimed is:

1. A transflective liquid crystal display panel, each of pixel
units of the transflective liquid crystal display panel compris-
ing a transmission region and a reflection region, wherein,

the transflective liquid crystal display panel further com-

prises a conductive polarizing film layer, the conductive
polarizing film layer has a first polarizing direction in the
reflection region and a second polarizing direction in the
transmission region.

2. The transflective liquid crystal display panel according
to claim 1, wherein,

aliquid crystal layer provided in the transmission region is

a transmission region liquid crystal layer, and a liquid
crystal layer provided in the reflection region is a reflec-
tion region liquid crystal layer, wherein the thickness of

15

25

30

35

40

45

50

55

6

the reflection region liquid crystal layer is a half of that
of the transmission region liquid crystal layer.

3. The transflective liquid crystal display panel according
to claim 1, wherein,

afirst polarizing direction of the conductive polarizing film

layer in the reflection region is 45°, and a second polar-
izing direction of the conductive polarizing film layer in
the transmission region is 90°.

4. The transflective liquid crystal display panel according
to claim 1, wherein,

the conductive polarizing film layer is provided on a sur-

face of a display side substrate of the transflective liquid
crystal display panel, the surface of the display side
substrate being back against a non-display side substrate
of the transflective liquid crystal display panel.

5. The transflective liquid crystal display panel according
to claim 1, wherein,

the transflective liquid crystal display panel is an Advanced

Super Dimension Switch type liquid crystal display
panel.

6. A liquid crystal display device, comprising a transtlec-
tive liquid crystal display panel each of pixel units of the
transflective liquid crystal display panel comprising a trans-
mission region and a reflection region, wherein,

the transflective liquid crystal display panel further com-

prises a conductive polarizing film layer, the conductive
polarizing film layer has a first polarizing direction in the
reflection region and a second polarizing direction in the
transmission region.

7. The liquid crystal display device according to claim 6,
wherein,

a liquid crystal layer provided in the transmission region is

a transmission region liquid crystal layer, and a liquid
crystal layer provided in the reflection region is a reflec-
tion region liquid crystal layer, wherein the thickness of
the reflection region liquid crystal layer is a half of that
of the transmission region liquid crystal layer.

8. The liquid crystal display device according to claim 6,
wherein,

afirst polarizing direction of the conductive polarizing film

layer in the reflection region is 45°, and a second polar-
izing direction of the conductive polarizing film layer in
the transmission region is 90°.

9. The liquid crystal display device according to claim 6,
wherein,

the conductive polarizing film layer is provided on a sur-

face of a display side substrate of the transflective liquid
crystal display panel, the surface of the display side
substrate being back against a non-display side substrate
of the transflective liquid crystal display panel.

10. The liquid crystal display device according to claim 6,
wherein,

the transflective liquid crystal display panel is an Advanced

Super Dimension Switch type liquid crystal display
panel.



